The optimal processing for the pathology of sentinel lymph nodes of patients with melanoma is still a matter of debate. We compared two protocols of sentinel lymph node processing, which were consecutively applied. For the first protocol, the sentinel lymph nodes were cut into 1-2 mm thick slices. From each slice, 12 microtome sections were stained (multiple slices protocol). For the second protocol, which is a modification of the recent European Organisation for Research and Treatment of Cancer protocol, the sentinel lymph nodes were bivalved. Five consecutive series of microtome sections, with gaps of 50 lm between them, were prepared from each cut surface (bivalving protocol). H&E and immunohistochemical staining were integral elements of both protocols. A total of 584 sentinel lymph nodes (1.8±0.9 per patient) were examined. The percentages of micrometastases (29 versus 27%) and of capsular naevi (13 versus 15%) detected were very similar for both protocols. As shown by multivariate logistic regression, Breslow thickness (P ¼ 0.003) and younger age (P ¼ 0.01) correlated with nodal metastasis. The type of histological preparation, ulceration and sex were not significant. The multiple slices protocol produced, on average, 4 paraffin blocks and 46 microtome sections per node. The bivalving protocol constantly produced 2 paraffin blocks and 42 microtome sections. For technical processing, the multiple slices protocol required, on average, 38 min per sentinel lymph node, whereas the bivalving protocol required 55 min. Both protocols yielded excellent detection rates with a similar amount of work being required on the part of the pathologist. Compared with the bivalving protocol, the multiple slices protocol was less labor intensive for the technical staff.
A sentinel lymph node is defined as the first lymph node on the lymphatic drainage pathway from the primary tumor site. In cutaneous melanoma, the pathological status of the sentinel lymph node has been established as the most important prognostic factor for recurrence and survival. For patients with micrometastasis, the impact of nodal tumor load and different metastasising patterns within the sentinel lymph node are of particular interest. Data suggesting that these patients may benefit from early excision of their nodal metastases are available. 1, 2 The presence or absence of micrometastasis in the sentinel lymph node is critical for decision making with regard to complete lymphadenectomy and stratification for adjuvant therapy trials.
These important issues require sufficiently sensitive and reliable methods for the diagnosis of sentinel lymph node metastasis. In clinical practice, the detection rates reported varied widely, between 14 and 33.8%. [3] [4] [5] [6] [7] [8] [9] [10] This has to be attributed, at least to some extent, to differences in the processing of the sentinel lymph nodes for pathology. To provide comparability between different institutions, standardised pathological protocols are required. However, even with extended serial sectioning and immunohistochemical staining, small metastases or single melanoma cells may easily be missed. The reason is that complete serial sectioning of the entire sentinel lymph node is almost impossible. As a consequence, any type of pathological processing can only provide a compromise between sufficiently high sensitivity and acceptable expenditure.
Two principally different types of protocols have been proposed as being practicable and are widely used. The first protocol is based on cutting the sentinel lymph node into 1-3 mm thick slices. 11 A certain number of microtome sections from each slice is stained by H&E and immunohistochemistry.
For the second type of histological processing, the sentinel lymph node is bisected through its longest meridian and serial sections are taken commencing from both cut surfaces (bivalving protocol). 12 Cook et al 6 improved this bivalving protocol by adding six additional series of microtome sections, with gaps of 50 mm between them. Excellent detection rates of up to 33.8% have been achieved using this protocol, which is currently recommended by the European Organisation for Research and Treatment of Cancer (EORTC). 4, 6 We have consecutively applied both types of histological processing at our institute. In this study, we compare a multiple slices protocol with a bivalving protocol in terms of sensitivity and the workload placed on the pathology laboratory.
Patients and methods
From November 1997 to December 2006, 299 patients with primary malignant melanomas Z1 mm thick received a sentinel lymph node biopsy at the Department of Dermatology of the University of Goettingen. Before surgery, metastases were excluded by physical examination, ultrasound Bscans of regional lymph nodes and abdomen, as well as X-rays of the chest.
The standard treatment for a primary melanoma is wide local excision with adequate safety margins, depending on tumor thickness. Dynamic and static lymphoscintigraphy were performed using 99mTc-labelled human albumin. During sentinel lymph node biopsy, blue dye and a hand-held g-probe were used to localise the sentinel lymph nodes. Lymph nodes that stained blue and had blue afferent lymph channels were generally defined as sentinel lymph nodes. Radioactive lymph node(s) that had first appeared during dynamic lymphoscintigraphy or for which there was lymphoscintigraphic evidence of an own afferent lymphatic vessel were also defined as sentinel lymph node(s). The primary tumor characteristics and the results of sentinel lymph node assessment were prospectively entered into an electronic database.
Processing and Histological Evaluation of Sentinel Lymph Nodes
Multiple Slices Protocol From November 1997 to December 2003, we used a multiple slices protocol for histological processing of sentinel lymph nodes. The formalin-fixed sentinel lymph nodes were cut into 1-2 mm thick tissue slices, which were separately embedded in paraffin. At least 12 consecutive paraffin sections were cut from each block and stained in the following order: 1. S-100; 2. HMB-45; 3. MART-1; 4À9. H&E; 10. S-100; 11. HMB-45; 12. MART-1.
Bivalving Protocol
In January 2004, we introduced a new protocol according to the recent EORTC guidelines. For this protocol, the nodes were bisected through their hilum at the longest meridian and embedded in paraffin. Four series of paraffin sections were prepared from the cut surfaces of both halves and stained with H&E and immunohistochemical markers (such as S-100, MART-1, HMB-45, pan-melanoma-plus), with gaps of 50 mm between them. This protocol produced 42 slides from each sentinel lymph node. As a modification of the original EORTC protocol, we introduced the MART-1 antibody and increased the number of HMB-45-stained sections. Owing to the increased number of slides, we performed only four instead of five series of microtome sections for evaluating the pathology. Details of the staining regimen are shown in Table 1 .
Immunohistochemistry
Immunohistochemical staining was performed by applying the streptavidin-biotin complex method with alkaline phosphatase as the labelling enzyme and fast red chromogen as the substrate (Dako, Germany, detection kit K5005). The following antibodies were used: S-100 (Dako, clone: S-100, dilution 
Analysis of Labor Input
To objectively quantify the amount of work required of the pathologist, we measured the mean number of slides for evaluating the pathology according to the protocol applied. To evaluate the time taken for histological processing requiring an assistant medical technician, we exemplarily conducted a study on 10 lymph nodes from a completion lymph node dissection. These lymph nodes were precisely bivalved, so that two equal halves with nearly equal consistency and tissue volume were produced. One half was processed by the multiple slices protocol and the other half by the bivalving protocol. The technical work was carried out by an experienced technical assistant. The time required for each type of processing was precisely Sentinel examination in melanoma C Mitteldorf et al measured and then extrapolated to the time required per sentinel lymph node.
Sentinel Lymph Node Assessment
All sections were examined and/or reviewed by two experienced dermato-pathologists. In the event of diagnostic difficulties, external experts were consulted. Melanoma and nevus cells had to be differentiated by morphological, immunophenotypical and localisation criteria. We use the term 'sentinel lymph node metastasis' as equivalent to the presence of three or more adjacent melanoma cells in a sentinel lymph node. The maximum depth of invasion of the metastases into the sentinel lymph node was measured from the nodal capsule, according to the S-classification. 13 
Statistical Methods
For statistical analyses, we used SAS 9.1 (SAS Institute, Cary, NC, USA). Testing of means for factors that might influence the probability of micrometastasis was performed using the WilcoxonMann-Whitney test. The Fisher exact test was used to compare the proportion of positive sentinel lymph nodes obtained with both protocols. Logistic regression was used to evaluate the relative power of the various factors predicting the likelihood of nodal metastasis. Significance was determined at the Po0.05 level.
Results

Patient Characteristics
Of the 299 patients included in this study, 158 (53%) were men. The median age was 63 years (16-89 years), the mean Breslow thickness was 2.77 mm (median, range 1.00-16.00 mm) and the percentage of ulceration was 33%. A total of 584 sentinel lymph nodes were examined (multiple slice protocol n ¼ 305; bivalving protocol n ¼ 279). Micrometastasis to a sentinel lymph node was diagnosed in 28% of the patients. The median invasion depth of the metastasis into the lymph node according to the study by Starz et al 13 was 0.74 mm (0.01À6.30 mm). The mean number of sentinel lymph nodes excised per patient was 1.8 ± 0.9 (median: 2 (1-5)). Table 2 shows the patient characteristics in relation to the protocol applied. Breslow thickness, ulceration and nodal tumor burden according to the S-classification were well matched between the two groups studied. Unexpectedly, patients whose sentinel lymph nodes were processed according to the bivalving protocol were, on average, 6 years older.
Sensitivity According to the Protocol Applied
The percentages of diagnosed capsular naevi per patient were 13 (multiple slice protocol) and 15% (bivalving protocol), and the percentages of nodal micrometastases were 29 (multiple slice protocol) and 27% (bivalving protocol). These differences were not statistically significant.
Risk Factors Predicting Micrometastasis to a Sentinel Lymph Node
Univariate logistic regression showed that increasing Breslow thickness (P ¼ 0.003) and younger age (P ¼ 0.01) were significantly correlated with micrometastasis to the sentinel lymph node. The following features were not significant: ulceration, sex and the type of histological protocol applied. Using multivariate logistic regression, Breslow (P ¼ 0.003) and age (P ¼ 0.01) remained significant. Importantly, there was no difference in the protocol applied. The full model is shown in Table 3 . 
Labor Input of the Pathologist
For the multiple slice protocol, the median number of cut levels (slices) was 4 (range: 1-17). Thus, on average, four paraffin blocks were produced. An average of 46 (range: 12-204) microtome sections were cut and stained. For the bivalving protocol, only two paraffin blocks per sentinel lymph node were produced. This resulted in a constant number of 42 microtome sections for staining. Consequently 46 versus 42 slides had to be evaluated per sentinel lymph node. As macroscopic cutting of the surgical specimens takes only a few seconds, the labor input for the pathologist was not significantly influenced by the type of histological procedure.
Labor Input of the Technical Staff
The time expenditure for embedding, clamping in the microtome, cutting and producing the slices is shown in Table 3 . Bivalving protocol required, on average, 55 min for technical processing of one sentinel lymph node, whereas the multiple slice protocol required only 38 min. The most timeconsuming step in the bivalving protocol was creating the 'gaps' between two levels of serial sectioning and staining. The next level for pathological evaluation was reached by performing 3-mm thick microtome sections, which necessitated breaks after every 4-10 sections for cooling down and repeated clamping of the paraffin blocks (Table 4) .
Discussion
This study evaluated the sensitivity of two widely used protocols, both comprising extended serial sectioning, H&E and immunohistochemistry, referred to in this study as 'multiple slices protocol' and 'bivalving protocol.' These terms reflect the first step in the pathological work-up, in which a sentinel lymph node is either bivalved through its hilum or cut into 1-2 mm thick slices.
The detection rate of micrometastases achieved using our multiple slice protocol was 29% (detection rate of nodal naevi: 13%). With our bivalving protocol, which is a modification of the present EORTC protocol, we achieved a micrometastase detection rate of 27% (detection rate of nodal naevi: 15%). On the basis of multivariate logistic regression, the type of pathology processing did not influence the micrometastases detection rate, whereas the probability of sentinel lymph node metastasis increased with thicker primary tumors and younger age. The latter finding seems to be surprising, at first view, but it has been confirmed by others. [14] [15] [16] Unfortunately, patients with sentinel lymph nodes processed by the bivalving protocol were, on average, 6 years older compared with those whose sentinel lymph nodes were analysed according to the multiple slice protocol method, so that the sensitivity of the bivalving protocol is possibly underestimated in this study. The mean Breslow thickness and the mean invasion depth of the metastasis into the sentinel lymph node, 13 which is a surrogate for the nodal tumor burden, did not differ significantly between the two compared time periods with different pathology protocols.
Sentinel lymph node micrometastasis usually starts from the subcapsular sinuses through an afferent capsular lymph vessel. Later on, the tumor spread continues from the cortical parenchyma to deeper zones of the lymph node, frequently following the medullary sinuses. Two strategies to detect a maximum of micrometastases are available. Cochran 12 and others 5 have argued that the majority of micrometastases is located in a central plane through the hilum and the longest dimension of the lymph node and have postulated accurate bisection 13, 17, 23 Consequently, they have preferred to perform multiple parallel slicing of the node, not necessarily through the hilum, and examining a series of sections from each slice.
Both approaches have their strengths and weaknesses. In our experience, bisecting a sentinel lymph node exactly through its hilum is an ideal, which is hardly ever achieved in practice. The recent EORTC protocol, an extended bivalving protocol, is designed to nearly completely sample an B0.6-mmthick slice from the central plane of the sentinel lymph node. With the EORTC protocol, a standardised number of 40 microtome slices per sentinel lymph node is stained by H&E and immunohistochemistry. Excellent detection rates of up to 33.8% were achieved. 4, 6 However, as reported by others, 24 we experienced difficulties in detecting single cells or small metastases without using the MART-1 antibody. MART-1 was therefore added at five different positions in our bivalving protocol (see Table 1 ). MART-1 exhibited the same sensitivity as did S-100, but it is more specific in sentinel lymph nodes. 23 Furthermore, we increased the number of HMB-45-stained sections, to better differentiate nevus cell inclusions from melanoma cells. [23] [24] [25] [26] In contrast to S-100, HMB-45 is more specific for melanocytes, but 18-35% of the melanoma metastasis are HMB-45 negative. 5, 25, 26 Owing to the increased number of slides, up to 42, we analysed only 4 instead of 5 series of microtome sections, thereby reaching a depth of B287 mm from the cut surface of the sentinel lymph node (instead of 310 mm according to the EORTC protocol). The 'gaps' of 50 mm between the series of stained sections still allowed detection of most micrometastases, which are usually larger than 50 mm. These gaps are achieved by performing multiple unstained microtome sections, which is the most time-consuming step. A further disadvantage of these gaps is the irreversible loss of these areas for later histological examination. Therefore, 6-8 'spare' sections should be introduced at different positions, which have to be stored under special conditions to prevent their destruction.
In contrast, a multiple slice protocol does not need 'spare' sections. Most likely, with a multiple slice protocol as well, a roughly central plane of the sentinel lymph node is sampled, although less intensively. The thickness of the nodal slices (1-3 mm) is not well standardised. Our multiple slice protocol produced on average 4 slices and 12-204 histological slides, depending on the size of the respective sentinel lymph nodes. Compared with our bivalving protocol, our multiple slice protocol produced fewer slides for smaller sentinel lymph nodes, but more slides for larger sentinel lymph nodes, requiring five or more nodal slices. Therefore, the bivalving protocol theoretically provides a more intensive sampling of small sentinel lymph nodes, whereas the multiple slice protocol theoretically provides more intensive examination of larger sentinel lymph nodes. In our hands, the sensitivity for an average sentinel lymph node was nearly identical under both protocols. As a consequence, the expenditure of labor becomes important. Both the multiple slice protocol and the bivalving protocol produced similar numbers of histological slides (average 46 versus 42), suggesting that the amount of work remained the same for the pathologist. Surprisingly, the time expenditure for embedding, clamping in the microtome, cutting and producing the slices was higher for the bivalving protocol. The bivalving protocol required, on average, 55 min per sentinel lymph node, whereas the multiple slice protocol required only 38 min. For an average patient with two sentinel lymph nodes, the multiple slice protocol saves approximately half an hour for technical processing.
In conclusion, both protocols yield excellent detection rates with similar labor input by the pathologist. Compared with the bivalving protocol, the multiple slice protocol was significantly less labor intensive for the technical staff; the loss of a patient's material must also be taken into account for further investigations. Consequently, we returned to our formerly used multiple slice protocol.
